The gap in total factor productivity in sawmills and wood preservation between the US and Canada generally increased from 1958 to 2005. The present paper examines the effects of the various phases of the softwood lumber dispute, including relatively free trade, Canadian export taxes, and low and high countervailing duties, on this productivity gap. Exogenous control variables include US housing demand, the exchange rate, softwood lumber prices, and ratios of capital and nonproduction labor to labor. The effects of phases of the dispute on US imports from Canada are also examined.
reports Canadian labor productivity gains of 14% in export oriented industries and 15% in import competing industries in CUFTA between 1980 suggests the depreciating Canadian dollar provided an important stimulus to Canadian exports while TFP growth did not enhance the underlying relative competitiveness of Canadian exports between the mid 1970s and 2001. Rugman also notes the relative absence of price, wage, and rate of return convergence after CUFTA. There remains some debate over whether CUFTA has improved productivity in Canada.
The relationship between US softwood lumber imports from Canada and the exchange rate, US lumber prices, and US housing demand has been studied. Adams, McCarl, and Homayounfarrokh (1986) and Roberts (1988) find US imports from Canada increase with an appreciating US dollar but Buongiorno, Chavas, and Uusivuori (1988) and Jennings, Adamowicz, and Constantino (1991) find no exchange rate effect while US lumber prices and housing demand do have effects. Sarker (1993 Sarker ( , 1996 finds one long run cointegrating relationship among US lumber prices, US disposable income, US housing starts, US construction wages, and the exchange rate, these five factors accounting for ¾ of the variation in Canadian imports with most of the deviation from the long run equilibrium corrected in one quarter. Nagubadi and Zhang (2006) find competitiveness of the Canadian industry iss facilitated by its higher productivity and the US dollar appreciation before 1994 while only depreciation has an effect after 1994. Nelson and Vertinsky (2004) bring out several structural and institutional differences between the US and Canada such as forestland ownership, forest policies, status of mills, mill capacity, and political economy. Stock market event studies such as Begley, Hughes, Rayburn, and Runkle (1998) , Zhang and Hussain (2004) , and Malhotra and Gulati (2006) have found significant impacts of the various trade regimes on softwood lumber producers or consumers. Gulati and Malhotra (2006) find trade diversion in exports from the Softwood Lumber Agreement (SLA) provinces. Weinstein (2004) notes overcapacity and falling prices during NAFTA may have been responsible for several sawmills shutting down, but the remaining mills were more efficient and Canadian firms maintained their share of the US market.
None of these studies have explicitly examined the impact of the various trade regimes or softwood lumber dispute phases on TFP growth or imports in the softwood lumber sector.
II. A BRIEF HISTORY OF THE SOFTWOOD LUMBER DISPUTE
The US and Canada trade freely for the most part but protection persists for softwood lumber.
With strong US housing demand and the depreciating Canadian dollar, the share of Canadian softwood lumber in US consumption increased from 10% in 1958 to 33% by 1983, and to an all time high of 36% in 1996 before stabilizing at about 33% as seen in Figures 1 and 2 . Figure 1 shows how the Canadian share in the US softwood lumber consumption grew in tandem with the depreciating Canadian exchange rates over the period. Figure 2 presents paths of the exchange rate E = C$/US$ and US housing starts (H). The US dollar generally appreciates over the period, lowering the price of imports except during the late 1980s and early 2000s. US housing starts appear to be highly cyclical, volatile, and stationary. The softwood lumber dispute dates back about 200 years as discussed by Reed (2001) 
III. THEORY AND SPECIFICATION OF THE TFP GROWTH GAP AND IMPORTS
TFP growth is driven by more efficient utilization of inputs and technology, and free trade is expected to increase competition and diminish any TFP gap between countries. Firms protected by import restrictions might lax into inefficiency.
For the present analysis, the general production function is
where Y is output, K capital, L P production labor, L N non-production labor, E energy, and M material input. Assume a translog production function, essentially a quadratic function in natural logs. The six lumber outputs in the data are softwood lumber, hardwood lumber, wood chips, wood preservation products, shingles & shakes, and other lumber products.
The production function predicts output based on inputs. TFP is the residual between actual and predicted outputs
TFP growth (TFP G ) is the difference between weighted growth rates of output and inputs and is computed using the Törnqvist-Theil index that Diewert (1976) shows is exact and superlative,
where m = 6, the number of outputs, n = 5, the number of inputs, R jt , the revenue share of output j at time t, S it , the cost share of input i at time t, and X it , the input of factor i at time t. The TFP G index is computed as a chained index relative to the base year 1958.
For predicting growth, TFP G is assumed to be a linear function of capital/labor ratio K/L, the ratio of skilled labor to labor (nonproduction labor/total labor) L N /L, the exchange rate E = C$/$, US housing starts (H), and dummy variables D indicating various phases of the lumber dispute, The productivity gap is specified as
where  is the difference between the US and Canada. The clear expected signs are positive for K/L and negative for E. The expected effect of L N /L is not clear as is the expected effect of H that might stimulate TFP G in both countries and its expected effect is negative.
To examine the influence on imports, consider the function
where M is the quantity of U imports, P m the price of Canadian imported softwood lumber, and P d , the US domestic price. Expected signs are positive for E, H, and P d , and negative for P m .
Augmented Dickey-Fuller (ADF) tests for unit roots determine the stationarity of various variables as in Enders (1995) . Multivariate cointegration tests explore whether the series have common stochastic trends as suggested by (Johansen 1988; Outputs (softwood, hardwood, woodchips, wood preservation products, wood-ties-shingles-shakes, and other lumber products) are imputed from the value of shipments using prices derived from quantities 
V. COINTEGRATION ANALYSIS FOR SOFTWOOD MARKET VARIABLES
The TFP growth indices in Figure 
VI. ERROR CORRECTION MODEL OF THE TFP G GAP
The ECM in Table VI indicates a significant error correction process. Among the exogenous variables only lagged L N /L has any effect, lowering the TFP gap and it also has a negative effect through the error correction process. The implication is that an increasing share of production workers in the labor force raises TFP in both countries. The capital/labor gap (K/L) -1 has a positive impact through the error correction process implying that increases in the capital/labor ratio raise productivity in both countries as producers to be more efficient and fitter than before. The duties certainly hit Canada hard. But as production is now concentrated at the more efficient mills, Canadian firms maintained their share of the American market while still turning a thin profit. As the duties make the US producers oversupply, bring products from non-Canadian sources, and encourage the use of lumber substitutes, which together mitigate the initial price increase caused by the duties, they do not protect American producers as much as they have hoped in the long run (Zhang 2007 The lagged exchange rate has no effect on the quantity of imports suggesting that Canadian producer's price to market offsetting changes in the exchange rate with a change in their own price.
Canadian producers may also inventory and do some business in US dollars. The positive constant 0.10 in Table VIII indicates a positive effect on the US imports during the free trade period that also included Lumber I. Coefficients for the phase dummies indicate that Lumber II, SLA, and Lumber IV have significantly lowered imports relative to the free trade period. Compared to the free trade period imports did fall, however, with the Canadian export tax during Lumber II (0.10 -0.12 = -0.02), while the high CVD and ADD during Lumber IV had no effect on Canadian imports (0.10 -0.10 = 0).
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VIII. CONCLUSION
Protection may have the unintended consequence of lowering domestic productivity for US firms, and the productivity gap between US and Canadian softwood lumber producers diminished under Lumber II (MOU) from 1987 to 1991, and under low countervailing duties of Lumber III from 1991 to 1994. The exchange rate and US housing starts have no effect on the productivity gap, while capital/labor ratios raise productivity as do higher shares of production workers.
US trade restrictions have generally been able to diminish Canadian imports relative to the free trade period of 1958 to 1986, except during the low countervailing duty period of 1992 to 1994 (Lumber III). Higher US housing demand significantly increases imports, while the exchange rate has no effect, perhaps due to pricing to market or currency substitution. As expected, imports increase with lower softwood lumber prices in Canada and higher prices in the US.
The present significant effects of phases of the softwood lumber dispute suggest studies not including the trade regime would be incorrectly specified. The major conclusion regarding productivity is that various trade restrictions had the unintended consequence of lowering the US relative productivity.
Except for the low countervailing period of Lumber III, the trade restrictions have succeeded in lowering the imports compared to free trade period. However, the net effect of export tax regime of Lumber II is negative. On the other hand, the trade regimes of Lumber III and SLA have a net positive effect similar to free trade, while the trade regime of Lumber IV has no effect on the imports. 
US Production
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Canadian Share a Coint eq1 = 6.51 + 1.0lnM -1 -0.75lnH -1 *** -1.07lnP CN-1 *** -0.36lnP US-1. b Coint eq2 = 3.71 + 1.0lnE -1 -0.44lnH -1 *** -0.90lnP CN-1 *** + 0.77lnP US-1 **. ***, **, *, and † indicate significance at 1%, 5%, 10%, and 20%.
